Introduction
Tall stature is defined as a height that is above the 97th percentile for an individual's age and sex, and should be considered a pathologic underlying disease if it is not a familial (or normal variant constitutional) tall stature. Various pathologic conditions can cause tall stature, such as excess growth hormone (GH) secretion, precocious puberty, obesity, pituitary tumor, Marfan syndrome, and homocystinuria 1) . Additionally, the sex chromosome anomaly such as Klinefelter syndrome results in tall stature. Another sex chromosome anomaly, XYY syndrome, can also cause tall stature.
Although the karyotype 47,XYY is relatively common, observed in 1 in every 1,000 live male births, the 47,XYY syndrome and its phenotypes are not well-understood 2) . Additionally, there are no specific clinical manifestations in most boys with the XYY karyotype. Diagnosis of an XYY karyotype is delayed (mean age at diagnosis is 17.1 years) and only 15% of patients are diagnosed with XYY syndrome [3] [4] [5] . A few studies have reported that the phenotype of XYY syndrome includes physical abnormalities such as tall stature and behavioral and psychiatric problems, such as attention deficit hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) 4, 6) . Learning difficulties and delayed language skills have been associated with XYY syndrome. However, methods for precisely evaluating and treating XYY syndrome have not been established. Therefore, a comprehensive understanding of the clinical manifestations of XYY syndrome is required.
Here, we report the case of a male child with XYY syndrome diagnosed during tall stature evaluation. We also review the literature discussing the XYY syndrome with possible multiple phenotypes.
Case report
A 13-year-old male patient visited Severance Children's Hospital for assessment of his tall stature. He was born large for the gestational age with a birth weight of 4,000 g at 40 weeks by vaginal delivery. He did not have any remarkable medical history or family history. His father's height was 188 cm (above the 97th percentile), his mother's height was 164 cm (between www.e-apem.org the 50th and 75th percentiles), and the midparental height is 182.5 cm (between the 90th and 95th percentiles). At physical examinations, his height and weight were 184.4 cm (above the 97th percentile) and 78 kg (above the 97th percentile), respectively. His body mass index was 22.94 kg/m 2 (between the 75th and 90th percentiles). He was found to have a Tanner pubertal stage of P3 with testicular volumes of 10 mL in both testicles. We found no signs of Marfan syndrome, such as wrist sign or thumb sign. Pes cavus, genu valgum, pectus excavatum, or pectus carinatum which can be seen in homocystinuria, were also not observed.
The complete blood count, routine chemistry, and urine analysis results were normal. His thyroid function test was also normal (free T4, 1.08 ng/dL [normal range, 0.70-1.48 ng/dL]; thyroid-stimulating hormone, 2.28 μIU/mL [normal range, 0.35-4.94 μIU/mL]). Insulin-like growth factor I (IGF-I) and insulin-like growth factor binding protein-3 (IGFBP-3) were normal for the sex and age (IGF-I, 361.5 ng/mL [normal range, 118.4-677.5 ng/mL]; IGFBP-3, 2.46 μg/mL [normal range, 1.5-4.4 μg/mL]). Oral glucosed tolerance test was performed to evaluate GH excess and GH was suppressed successfully, to less than 0.1 ng/mL. To evaluate homocystinuria and other metabolic diseases, tandem mass and urine organic acid tests were performed, and the results were normal. In imaging studies, the patient's bone age was consistent with his chronological age, and his predicted adult height was approximately 200 cm according to the Greulich and Pyle method. Sella magnetic resonance imaging showed normal results except for a Rathke' s cleft cyst about 2 mm in length detected in the pars intermedia. Echocardiogram and the visual field analysis were also normal. These results enabled us rule out Marfan syndrome, along with the lack of family history and specific clinical features of Marfan syndrome. The chromosome test results showed a 47,XYY karyotype (Fig. 1) . Given these results, it was assumed that the patient has 47,XYY syndrome. The patient will be followed up in an outpatient clinic to monitor Rathke's cleft cyst. Developmental status and peer relation appear to be normal, but for further evaluation and psychiatric consultation are planned to assess the patient's psychological status. Consultation is also planned for genetic counseling.
Discussion
Some children are referred for evaluation because of concerns regarding their tall stature. Some of the children who have familial tall stature may not require treatment. However, when assessing children with tall stature, various pathologic conditions should be evaluated. GH excess, hyperthyroidism, precocious puberty, and overgrowth syndromes are known causes of tall stature 1) . Sex chromosome anomalies such as Klinefelter syndrome and XYY syndrome are also known to cause tall stature and should be considered.
Few case reports and studies have been published regarding the characteristics of XYY syndrome (Table 1) . XYY syndrome is a sex chromosome variation in which males have a 47,XYY karyotype due to an additional Y chromosome. This 47,XYY karyotype results from parental nondisjunction during the second meiotic division 7) . Although most men with XYY syndrome are not diagnosed 4) , boys with the 47,XYY karyotype may have various phenotypes. In a cohort study conducted by Bardsley et al. 8) , boys with the XYY chromosome usually have tall stature starting at the age of approximately 6 years. Although the exact cause of tall stature remains unknown, an extra copy of the short stature homeobox gene may be associated with tall stature 9) . In addition, various physical phenotypes in men with XYY syndrome may be observed, such as macrocephaly, macroorchidism, hypotonia, hypertelorism, and tremor 8) . Other phenotypes, such as acne, atopy, and asthma, have also been associated with XYY syndrome 8, 10) . Such phenotypes have been associated with an extra Y chromosome, although this remains unclear. The patient in our case showed only tall stature without any other phenotypes and physical features.
Few studies have addressed fertility in men with XYY syndrome. The sperm count in men with XYY syndrome ranges from normal to azoospermia 11) . Spermatogenesis impair ment caused by an extra Y chromosome during meiosis has been reported 12) . The incidence of chromosomally abnormal spermatozoa in the semen is increased in men with XYY syndrome 7) . Hyperhaploid sperm may pass an extra Y chromosome to the offspring 13) . In a review of three cases by Kim et al. 14) , men with 47,XYY syndrome likely had decreased fertility. The present patient was not subjected to sperm analysis, and this will be evaluated at a later time if needed.
Psychiatric evaluation of men with XYY syndrome should also be conducted. A cohort study performed by Bardsley et al. 8) revealed a higher prevalence of ADHD and ASD in men with XYY syndrome, which is consistent the results of another study 6) . Since the prevalence of ADHD is much higher in men than in women, it is thought to be associated with the Y chromosome. Approximately one-third of boys with XYY syndrome are diagnosed with ASD, while the prevalence is 1% in the general population 8) . However, the relationship between the extra Y chromosome and psychiatric issues is not well understood. When XYY syndrome is diagnosed, psychiatric evaluation should be planned; we plan to examine our patient for neuropsychiatric development, including cognitive function and mood. XYY syndrome is rare, but men with an XYY chromosome may show no abnormal features except tall stature. When predicted adult height is much higher than midparental height, exams should be conducted to rule out pathologic tall stature including XYY syndrome. If the tall stature in a patient is caused by an XYY karyotype, psychiatric status, infertility, and other nonspecific symptoms should be evaluated. The XYY phenotype includes tall stature, macroorchidism, hypotonia. There was an increased incidence of asthma, seizure and ASD. ASD, Autism spectrum disorder; N/A, not applicable; SD, standard deviation. a) Data are expressed as mean±SD.
